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Background and Objectives: The hearing loss of workers can occur when they are affected 
by age, otologic disease, and work-related risks such as noise and chemicals. Based on the 
Korean Working Conditions Survey (KWCS) in 2010, this research aimed to estimate the preva- 
lence rate of hearing loss and to identify the risk factors affecting its occurrence. Subjects 
and Methods: The subjects were 10019 employees who completed an interview conducted 
as part of KWCS in 2010. The prevalence rate of hearing loss according to sex, age, education, 
income, smoking, drinking, hypertension, industrial type, occupations, employment status, 
working period, and hazards at the workplace were assessed. The factors that could affect the 
occurrence of hearing loss were investigated based on a logistic regression analysis. Results: 
The prevalence rate of hearing loss was 2.7%. In a logistic multivariate analysis, sex, age, oc- 
cupations, working period, noise, and exposure to chemicals showed statistically significant 
correlations to the occurrence of hearing loss. The adjusted odd ratios were as follows: 1 .74 
[95% confidence interval (CI), 1 .03-2.96] for males, 2.11 (95% CI, 1.14-3.89) for those in their 
40s, 2.24 (95% CI, 1 .19-4.20) for those in their 50s, 2.21 (95% CI, 1 .18-4.15) for manage/ 
professional works, 2.73 (95% CI, 1 .69-4.41) for manufacturing, 2.07 (95% CI, 1 .36-3.1 5) 
for those who have worked for more than 20 years, 1 .72 (95% CI, 1 .14-2.58) for noise expo- 
sure, 1 .53 (95% CI, 1 .02-2.30) for vibration exposure and 1 .58 (95% CI, 1 .11 -2.24) for chemi- 
cal exposure. Conclusions: The overall occupational and non-occupational risk factors relat- 
ed to employees' hearing loss were reviewed. In addition to the exposure to noise, occupational 
risks of hearing loss, such as isolated exposure to vibration and chemicals, and combined expo- 
sure to noise and these hazards, were identified. Multiple exposure to hazards, along with pro- 
longed noise exposure increased the risk of hearing loss. Korean J Audiol 2012;16:54-64 
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Introduction 

In general, hearing loss can be generated by several reasons, 
such as age, noise, otologic disease, head injury, genetic factors, 
and drugs. Age-related hearing loss (presbycusis) has been con- 
sidered to have a correlation to old age only, but recent studies 
reported that it was defined as overall hearing loss that resulted 
from many types of physiologic degenerations, such as hearing 
loss through the exposure to noise, ototoxic drugs, and medical 
conditions. The environmental risk factors affecting hearing loss 
are noise, vibration, head injury, organic solvents, heavy metals, 
ototoxic drugs, smoking, and alcohol." 

Industrial workers can be easily exposed to industrial noise, 
unlike the general population group, because noise occurs in- 
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evitably in their workplaces. Thus, this workplace noise acts 
as a source to noise-induced hearing loss (NIHL). Specifically, 
occupational factors, like noise exposure level, frequency, ex- 
posure time and period, and individual susceptibility are the 
main reasons that generate hearing loss. Individual susceptibil- 
ity can be affected by many factors like sex, race, age, initial hear- 
ing, cardiovascular risks such as smoking, overweight, hyper- 
tension, and diabetes mellitus, and interaction of noise and other 
noxious agents. 

There are several forms of health observations associated 
with the hearing of the population groups in Korea, such as 
the General Health examination, Special Health Examination, 
Korean National Health and Nutrition Examination Survey 
(KNHANES), and Korean Working Conditions Survey (KW- 
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CS). However, General Health Examination has problems with 
reliability of the test result and there is the possibility of a false 
negative, while simple check of normality of hearing ability is 
possible by this examination. In case of Special Health Exami- 
nation, levels of hearing loss and relationships between noise 
and NIHL can be identified, but there is limitation in utilizing the 
data due to the lack of information on other risk factors affect- 
ing the deterioration of hearing ability. On the other hand, the 
KNHANES is lacking in the evaluation of the exposure to haz- 
ardous factors, as well as having the job classifications of sub- 
jects not being specified, since the aim of this survey is not for 
the workers' labor environment and the work-related diseases. 21 
Eurostat investigated the risk factors for both general and 
occupational diseases, and reported the incidence rate of each 
disease, using the reported data in the European schedule for 
occupational disease. 31 Meanwhile, the European Foundation 
for the improvement of Living and Working Conditions has 
conducted European Working Conditions Survey (EWCS) 
since 1991, which is designed to improve the working condi- 
tions and to establish a new policy that will enhance the quali- 
ty of life through the assessment on the work environment in- 
cluding the hazardous factors to the workers. A recent 5th 
edition of EWCS was conducted with 42765 workers in a 
number of European countries (1000—4000 workers per coun- 
try after considering the population and economic size of each 
country). 41 

The first KWCS was conducted in 2005, and the second 
KWCS was carried out in 2010. The comparison of physical 
factors, work-related symptoms, and the number of work-re- 
lated leaves of KWCS 2005 with those of EWCS has been re- 
ported. 51 This study used the data of the second KWCS, a 
household survey subjected to workers based on the probabili- 
ty proportional to systematic sampling of nationwide stratifi- 
cation. In this survey, socio-demographic factors such as sex, 
age, region, education level, and monthly income, medical risk 
factors such as hypertension and obesity, health behavior fac- 
tors such as smoking and drinking, occupational factors like 
industry type, occupations, employment status, number of em- 
ployees, and working period, and the exposure to hazardous 
factors such as noise, vibration, and chemicals were included. 6 ' 
Thus, this research aimed to estimate the prevalence rate and 
to identify risk factors that affected the occurrence of hearing 
loss under the definition that hearing loss occurs when work- 
ers have had a hearing problem for the past 12 months. 

Subjects and Methods 

Subjects 

The second KWCS, composed as an interview type, used 



the household survey method and it was conducted from the 
20th of June, 2010 to the 10th of October, 2010. The survey sub- 
jects were employees who were over 15 years old and who 
have worked for more than one hour for the past week start- 
ing from the time of the survey. The subjects were chosen us- 
ing a probability proportional to the systematic sampling of 
stratification in 265350 enumeration districts and 15887128 
families, with the exception of people on islands, technical fa- 
cilities, special welfare institutions and foreign enumeration 
districts. 

For this study, 10019 workers who were over the age of 15 
years old and self-employed without employees, self-employed 
with employees, employees, and unpaid family workers were 
selected as the research subjects. 'Self-employed without em- 
ployees' are workers who perform professional work or man- 
age their business through individual responsibility, themselves, 
or with unpaid family workers. 'Self-employed with employ- 
ees' are workers conducting their business with more than 
one employee. 'Employees' are workers who get paid for their 
labor as a wage, salary, or daily wage. Lastly, 'Unpaid family 
workers' could be defined as employees who work in a family 
or relative owned shop or business for more than 18 hours in 
the past week without a salary. 

Methods 

In this study, 267 (2.7%) people responded 'YES' to the 
question, 'have you ever had any hearing problems for the 
past 12 months?' in the second KWCS, with these people be- 
ing defined as having hearing loss. 

Industrial classification was categorized depending on the 
Korean Standard Industrial Classification through the fol- 
lowing: mining, agriculture, manufacturing, construction, 
transportation, and others (electricity, gas, and water supply, 
wholesale and retail trade, accommodation and food service 
activities, information and communications, financial and in- 
surance activities, real estate activities and renting and leas- 
ing, business services, public administration, defense and com- 
pulsory social security, education, human health and social 
work activities, arts, sports and recreation related services, re- 
pair and other personal services). Occupations were classified 
by manage/professional work (professionals, senior manag- 
ers), manual work (craft and related trade workers, machine 
operators and assemblers, and elementary occupations), and 
office service work (clerks, sale workers, service workers). 
Hazardous factors that can affect workers' hearing ability are 
noise, vibration and chemicals at the workplace; relevant haz- 
ardous factors were classified into non-exposure (exposed for 
1/4 or less of the working hours), and exposure (exposed for 
half or more of the working hours). 
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Also, several variables were defined in order to examine the 
prevalence rate of hearing loss as follows: age (20s, 30s, 40s, 
50s), region (six major cities including Seoul, others), number 
of employees (1—4, 5—49, 50—299, over 300), working period 
(4 years or less, 5-9 years, 10—19 years, over 20 years), health 
behavior like smoking and alcohol drinking (currently in use), 
chronic diseases like hypertension and obesity (currently diag- 
nosed), education (graduate of high school, above college), 
and monthly income (below 2000000 won and above 2000000 
won). 

Statistical analyses 

In order to identify the factors that affect hearing loss, uni- 
variate and multivariate logistic regression analyses were per- 
formed through a chi-square test with the checking of several 
factors, such as individual socio-demographic factors (sex, 
age, region, education level, and monthly income), work fac- 
tors (industry type, occupations, employment status, number 
of employees, working period, and exposure to hazards at the 
workplace), health behavior (smoking and alcohol drinking), 
and medical risk factors (hypertension and obesity). Further- 
more, to investigate whether hazardous factors were exposed 
and how exposure levels in the workplace affect hearing loss, 
noise was separated into categories. In regards to other factors 
like noise, vibration, and chemicals, this study represented an 
odds ratio (OR) from the univariate logistic regression analy- 
ses of hearing loss, after separating into non-exposure, uni- 
exposure, and the multi-exposures, and the multivariate re- 
gression analyses under controlled individual risk factors like 
sex, age, working period, smoking, alcohol drinking, hyper- 
tension, and obesity. This research analyzed the prevalence 
rate and risk factors of hearing loss using IBM SPSS Statis- 
tics 18 program as an interview survey through probability 
that is proportional to the systematic sampling of nationwide 
stratification. 

Results 

Sex distribution depending on the general characteristics 
of the survey subjects 

Among 10019 research subjects, the number of males was 
5850 (58.4%) and the number of females was 4169 (41.65%). 
Generally, male subjects were older than female subjects. The 
results of the education level indicated that the rate of males 
who graduated to above college and gained over 2000000 won 
as a monthly income was higher than that of females. The rate 
of males who worked in manufacturing, construction, and trans- 
portation was higher than that of females, while the rate of fe- 
males engaged in agriculture and other industries was higher 



than that of males. In regards to occupations, the rate of males 
engaged in manage/professional and manual work was higher 
than that of females. More males were engaged in larger com- 
panies than females, and their working period was also lon- 
ger. The male workers' exposure rate to hazardous factors like 
noise, vibration, and chemicals was higher than that of female 
workers. Males did more smoking and alcohol drinking (Ta- 
ble 1). 

Distribution of hearing loss depending on related factors 
of the survey subjects 

The prevalence rate of hearing loss was found to be a total 
of 267 (2.7%) workers. A significant difference could be iden- 
tified between 191 (3.3%) males and 76 (1.8%) females. Based 
on the results from the examination of the differences in dis- 
tribution through the main variables related to hearing loss of 
each male and female, in the case of males, there were consid- 
erable statistical differences in the rate of people having hear- 
ing loss in age, education, monthly income, hypertension, in- 
dustry type, occupations, employment status, working period, 
noise, vibration and chemicals exposures except for region, 
number of employees, obesity, smoking and alcohol drinking. 
In the case of females, the data represented significant differ- 
ences in age, region, education, monthly income, industry type, 
occupations, employment status, working period, noise and 
vibration exposures. The hearing loss tend to occur more fre- 
quently in older ages, in small-size cities, in construction, man- 
ufacturing, agriculture, and mining industries, in manual work, 
and in longer working period. In addition, the workers who 
were exposed to noise, vibration, and chemicals at the work- 
place, and the workers with hypertension, low education lev- 
el, and low monthly income showed higher rate of hearing loss 
(Table 2). 

Factors affecting the hearing loss of the survey subjects 

In the case of the univariate analysis, the hearing loss risk 
for males was increased compared with female (OR 1.83, 
95% CI, 1.40-2.39). In regards to age, ORs was 2.72 (95% 
CI, 1.61-4.59) for subjects in their 40s and 4.02 (95% CI, 
2.42—6.66) for subjects in their 50s, when compared with 
subjects in their 20s. For the region analysis, OR of workers 
in other cities was higher than that of the major cities. There 
were statistically significant ORs; 1.54 (95% CI, 1.21-1.97) 
for smokers and 2.05 (95% CI, 1.32—3.19) for hypertension. 
ORs were 2.11 (95% CI, 1.39-3.21) in construction, 1.95 (95% 
CI, 1.42-2.68) in manufacturing, 3.55 (95% CI, 2.50-5.06) 
in agriculture, and 35.33 (95% CI, 8.44-147.85) in mining in 
comparison with reference. Related to the type of occupa- 
tions, OR for manual work was 4.02 (95% CI, 2.99-5.41) 



56 Korean J Audiol 2012;16:54-64 



Kim KS, etal. 

Table 1 . Characteristics of subjects by sociodemographic, medical, and occupational risk factors, Korea Working Conditions Survey 201 0 



Total Male Female 



Variables 




(n= 


10019) 


(n=5850, 58.4%) 


(n=4169, 4 


1 .6%) 




No. of 

cases* 


% 


No. of 

cases* 


% 


No. of 

cases* 


% 


p-value 


Age (years) 


<30 


1581 


15.8 


760 


13.0 


822 


19.7 


0.000 




>30-<40 


2441 


24.4 


1553 


26.5 


888 


21.3 






>40-<50 


2754 


27.5 


1630 


27.5 


1 124 


27.0 






>50 


3242 


32.4 


1907 


32.4 


1335 


32.0 




Region 


Major city 


4595 


45.9 


2676 


45.7 


1919 


46.0 


0.792 




Others 


5424 


54.1 


3174 


54.3 


2250 


54.0 




Education 


Graduate of high school 


6103 


60.9 


3288 


56.2 


2816 


67.5 


0.000 




Above college 


3916 


39.1 


2562 


43.8 


1353 


32.5 




Monthly income 


Below 2000000 won 


5719 


57.12 


2345 


40.2 


3373 


80.9 


0.000 




Above 2000000 won 


4287 


42.8 


3493 


59.8 


794 


19.1 




Smoking 


Yes 


4525 


45.2 


4306 


73.6 


219 


5.3 


0.000 




No 


5494 


54.8 


1544 


26.4 


3950 


94.7 




Alcohol drinking 


Yes 


7066 


70.5 


4835 


82.6 


2231 


53.5 


0.000 




No 


2953 


29.5 


1015 


17.4 


1938 


46.5 




Hypertension 


Yes 


504 


7.1 


289 


7.1 


215 


7.1 


0.926 




No 


6610 


92.9 


3810 


92.9 


2800 


92.9 




Obesity 


Yes 


237 


3.3 


1 43 


3.5 


94 


3.1 


0.423 




No 


6877 


96.7 


3956 


96.5 


2921 


96.9 




Industries 


Agriculture 


724 


7.2 


004 


6. 1 


371 


8.9 


0.000 




Mining 


8 


0.1 


7 


U. 1 


1 


0.1 






Manufacturing 


1 AQ 1 


1 A Q 
1 0.0 


1 0^0 
1 zoz 


0 1 A 
Z 1 


/too 
4zy 


i n q 
1 U.O 






Construction 


7cn 
/DU 


/.D 


A7R 
0/ 0 


1 1 c 


/O 


1 Q 

1 .0 






Transportation 


CQ 1 
DO 


C Q 
0.0 


A 77 
4/ 0 


o. 1 


ro 
DO 


1 A 

1 .4 






Others 


6ozo 


6o. 1 


3090 


52.8 


QOQ L 
OZOO 


77 A 




Occupations 


Manage/professional work 


922 


9.6 


TOO 

OOZ 


i n "2 
I U.O 


340 


8.5 


0.000 




Manual work 


3849 


40.0 


0C7R 
ZD/O 


A R 7 
40./ 


1 271 


31 .8 






Office service work 


400/ 


5U.4 


Z4/0 


A1. 0 
40.7 


OQQ 1 
ZOO 1 


CO A 
07.0 




Employment 


Self-employed without employees 


1 746 


1 7.4 


i oi n 

1 Z 1 u 


on 7 

ZU./ 


536 


1 2.9 


0.000 


status 


Self-employed with employees 


/on 
OZZ 


6.Z 


4O0 


O.O 


1 77 
1 07 


O.O 






Employed 


7114 


71 .0 


4U/7 


70 1 
/U. 1 


301 5 


72.3 






Unpaid family workers 


536 


5.4 


RA 
DO 


1 .U 


481 


1 1 .5 




Number of 


1 —4 


4288 


44.0 


OOCO 

ZZOZ 


^0 A 
07.0 


2036 


50.2 


0.000 


employees 


C AO 

o~ 4y 


3070 


34.0 




^ 0 

oo.z 


1 QO A 
1 074 


1 A A 

04.4 






co. 000 

OU~ Z77 


0Q07 

162.1 


1 Q A 

1 0.6 


RAO 
007 


1 c 1. 
1 0.0 


/C7 

45/ 


1 1 Q 
1 1 .0 






>oUU 


TOO 

/ 00 


7 / 

/ .6 


RAP, 
OOO 


i n n 
1 u.u 


i 7n 
1 /U 


A O 

4.Z 




Working period 


<5 


5U6U 


cn c 
5U.5 


0CC7 
ZOO/ 


/f3 7 
40./ 


o cm 
z5Uo 


6U.U 


o. rinn 
U.UUU 


(years) 


>5— <1 0 


1 760 


1 7.6 


1079 


18.4 


681 


1 6.3 






> 1 0- <20 


1782 


17.8 


1245 


21.3 


538 


12.9 






>20 


1416 


14.1 


969 


16.6 


448 


10.7 




Noise 


Exposure 


1424 


14.2 


1077 


18.4 


347 


8.3 


0.000 




Non-exposure 


8595 


85.8 


4772 


81.6 


3823 


91.7 




Vibration 


Exposure 


1579 


15.8 


1267 


21.7 


31 1 


7.5 


0.000 




Non-exposure 


8440 


84.2 


4582 


78.3 


3858 


92.5 




Chemicals 


Exposure 


1200 


12.0 


952 


16.3 


248 


5.9 


0.000 




Non-exposure 


8819 


88.0 


4897 


83.7 


3921 


94.1 





*the number of subjects who experienced hearing loss 
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Table 2. Prevalence of hearing loss by sociodemographic, medical, and occupational risk factors, Korea Working Conditions Survey 
2010 



Total (n=267, 2.7%) Male (n=l 91 , 3.3%) Female (n=76. 1 .8%) 



Variables 




No. of 
case* 


% 


n-vnli if^ 


No. of 
case* 


% 




No. of 
case* 


% 


n-vnli ip^ 

V 1 \*j ^ 


Age (years) 


<30 


17 


1.1 


0.000 


8 


1.1 


0.000 


9 


1.1 


0.000 




>30-<40 


33 


1.4 




26 


1.7 




7 


0.8 






>40-<50 


80 


2.9 




66 


4.0 




14 


1.2 






>50 


137 


4.2 




90 


4.7 




47 


3.5 




Region 


Major city 


103 


2.2 


0.015 


79 


3.0 


0.21 1 


24 


1.3 


0.011 




Others 


165 


3.0 




113 


3.6 




52 


2.3 




Education 


Graduate of high school 


204 


3.3 


0.000 


144 


4.4 


0.000 


60 


2.1 


0.035 




Above college 


63 


1.6 




47 


1.8 




16 


1.2 




Monthly income 


Below 2000000 won 


166 


2.9 


0.118 


95 


4.1 


0.009 


71 


2.1 


0.003 




Above 2000000 won 


102 


2.4 




97 


2.8 




5 


0.6 




Smoking 


Yes 


149 


3.3 


0.001 


147 


3.4 


0.317 


2 


0.9 


0.436 




No 


119 


2.2 




44 


2.8 




74 


1.9 




Alcohol drinking 


Yes 


189 


2.7 


0.942 


155 


3.2 


0.560 


34 


1.5 


0.132 




No 


78 


2.6 




36 


3.6 




42 


2.2 




Hypertension 


Yes 


24 


4.8 


0.003 


19 


6.6 


0.003 


5 


2.3 


0.229 




No 


155 


2.3 




117 


3.1 




38 


1.4 




Obesity 


Yes 


8 


3.4 


0.391 


6 


4.2 


0.474 


2 


2.1 


0.390 




No 


170 


2.5 




130 


3.3 




41 


1.4 




Industries 


Agriculture 


45 


6.2 


0.000 


22 


6.2 


0.000 


23 


6.2 


0.000 




Mining 


3 


37.5 




2 


28.6 




1 


100.0 






Manufacturing 


59 


3.5 




48 


3.8 




1 1 


2.6 






Construction 


28 


3.7 




28 


4.1 




0 


0.0 






Transportation 


1 6 


3.0 




1 6 


3.4 




0 


0.0 






Others 


1 16 


1 .8 




76 


2.5 




40 


1 .2 




Occupations 


Manage/professional work 


1 7 


1 .8 


0.000 


1 3 


2.2 


0.000 


4 


1 .2 


0.000 




Manual work 


1 83 


4.8 




1 36 


5.3 




47 


3.7 






Office service work 


60 


1 .2 




37 


1 .5 




22 


0.9 




Employment 


Self-employed without employees 


73 


4.2 


0.000 


51 


4.2 


0.005 


23 


4.3 


0.000 


status 


Self-employed with employees 


6 


1 .0 




5 


1 .0 




1 


0.7 






Employed 


1 79 


2.5 




1 36 


3.3 




42 


1 .4 






Unpaid family workers 


1 0 


1 .9 




0 


0.0 




1 0 


2. 1 




Number of 


1 —4 


1 26 


2.9 


0.030 


78 


3.5 


0.1 69 


48 


2.4 


0.084 


employees 


c ao 


1 A 

/4 


A. A 




55 


A. I 




1 o 

l y 


1 A 

.4 






cn ooo 


66 


Z.O 




ZO 


6. A 




c 
O 


1 1 

. 






>OUU 


Z7 


6.v 




A6 


A JL 

4.6 




A 


.A 




Working period 


<5 


92 


1 .8 


0.000 


64 


2.5 


0.000 


28 


1 . 1 


0.000 




>5-<10 


41 


2.3 




30 


2.8 




12 


1 .8 






>10-<20 


49 


2.7 




42 


3.4 




7 


1.3 






>20 


85 


6.0 




55 


5.7 




29 


6.5 




Noise 


Exposure 


92 


6.5 


0.000 


78 


7.2 


0.009 


13 


3.8 


0.010 




Non-exposure 


176 


2.0 




113 


2.4 




63 


1.6 




Vibration 


Exposure 


101 


6.4 


0.000 


89 


7.0 


0.000 


12 


3.9 


0.012 




Non-exposure 


166 


2.0 




103 


2.2 




64 


1.7 




Chemiclas 


Exposure 


80 


6.7 


0.000 


73 


7.7 


0.000 


7 


2.8 


0.217 




Non-exposure 


187 


2.1 




119 


2.4 




69 


1.8 





*the number of subjects who experienced hearing loss 
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compared to that of office service work. In relation to the em- 
ployment status, ORs were 4.92 (95% CI, 2.06-11.75) for 
the self-employed without employees, where general employ- 
ees had 2.89 (95% CI, 1.23-6.77). ORs were 1.54 (95% CI, 



1.08—2.18) for people who worked for over 10 to 20 years 
and 3.45 (95% CI, 2.55—4.66) for people who worked over 
20 years, compared to that of people who worked less than 5 
years. ORs were 3.29 (95% CI, 2.54-4.27) for people exposed 



Table 3. Univariate and multivariate logistic regression analyses of factors affecting hearing loss 



Variables 


Univariate 


Multivariate 


OR 


95% CI 


OR 


95% CI 


Sex (male/female) 


1.83* 


1.40-2.39 


1.74* 


1.03-2.96 


Age 










<30 


Reference 




Reference 




>30-<40 


1.25 


0.70-2.25 


1.06 


0.55-2.05 


>40-<50 


2.72* 


1.61-4.59 


2.1 1* 


1.14-3.89 


>50 


4.02* 


2.42-6.66 


2.24* 


1.19-4.20 


Region (others/major city) 


1.37* 


1.07-1.76 


1.17 


0.85-1.61 


Education (high school/college) 


2.12* 


1.59-2.82 


0.99 


0.64-1.55 


Monthly income (below 2000000/above 2000000 won) 


1.23 


0.96-1.58 


1.23 


0.81-1.87 


Smoking (yes/no) 


1.54* 


1.21-1.97 


1.09 


0.71-1.67 


Alcohol drinking (yes/no) 


1.01 


0.77-1.32 


1.02 


0.69-1.52 


Hypertension (yes/no) 


2.05* 


1.32-3.19 


1.29 


0.79-2.1 1 


Obesity (yes/no) 


1.43 


0.70-2.90 


1.58 


0.75-3.34 


Industries 










Others 


Reference 




Reference 




Transportation 


1.64 


0.96-2.80 


0.63 


0.30-1.30 


Construction 


2.1 1* 


1.39-3.21 


0.62 


0.36-1.10 


Manufacturing 


1.95* 


1.42-2.68 


0.75 


0.48-1.15 


Agriculture 


3.55* 


2.50-5.06 


0.00 




Mining 


35.33* 


8.44-147.85 


6.70 


0.99-45.20 


Occupations 










Office service work 


Reference 




Reference 




Manage/professional work 


1.49 


0.86-2.57 


2.21* 


1.18-4.15 


Manual work 


4.02* 


2.99-5.41 


2.73* 


1.69-4.41 


Employment status 










Self-employed with employees 


Reference 




Reference 




Self-employed without employees 


4.92* 


2.06-1 1.75 


2.72* 


1.09-6.78 


Employed 


2.89* 


1.23-6.77 


2.67* 


1.1 1-6.40 


Unpaid family workers 


2.08 


0.73-5.94 


1.23 


0.40-3.83 


Number of employees 










1-4 


Reference 




Reference 




5-49 


0.74* 


0.55-0.99 


0.69 


0.45-1.04 


50-299 


0.83 


0.56-1.23 


0.86 


0.51-1.45 


>300 


1.33 


0.88-2.02 


1.15 


0.64-2.08 


Working period (years) 










<5 


Reference 




Reference 




>5-<10 


1.30 


0.90-1.89 


1.43 


0.93-2.21 


>10-<20 


1.54* 


1.08-2.18 


1.28 


0.79-2.08 


>20 


3.45* 


2.55-4.66 


2.07* 


1.36-3.15 


Noise (exposure/non-exposure) 


3.29* 


2.54-4.27 


1.72* 


1.14-2.58 


Vibration (exposure/non-exposure) 


3.40* 


2.64-4.38 


1.53* 


1 .02-2.30 


Chemicals (exposure/non-exposure) 


3.29* 


2.51-4.30 


1.58* 


1.1 1-2.24 



*p<0.05. OR: odds ratio, CI: confidence interval 
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to noise, 3.40 (95% CI, 2.64-4.38) for people exposed to vi- 
bration, and 3.29 (95% CI, 2.51—4.30) for people exposed to 
chemicals when referencing whether subjects were exposed 
to noise, vibration, and chemicals or not. In the case of the mul- 
tivariate logistic regression analysis, statistically significant 
adjusted ORs were shown as follow: 1.74 (95% CI, 1.03-2.96) 
for males, 2.11 (95% CI, 1.14-3.89) for those in their 40s, 
2.24 (95% CI, 1.19-4.20) for those in their 50s, 2.21 (95% 
CI, 1.18—4.15) for manage/professional work, 2.73 (95% CI, 
1.69-4.41) for manufacturing, 2.07 (95% CI, 1.36-3.15) for 
those who work for more than 20 years, 1.72 (95% CI, 1.14— 
2.58) for noise exposure, 1.53 (95% CI, 1.02-2.30) for vibra- 
tion exposure and 1.58 (95% CI, 1.11 — 2.24) for chemical ex- 
posure (Table 3). 

Exposure to hazardous factors that affect hearing loss 
in survey subjects survey subjects 

In the univariate logistic regression analysis according to 
amount of noise exposure, ORs gradually increased with the 
statistical significance as follows: 86 people (1.6%) for abso- 
lutely no exposure, 62 people (2.7%; OR, 1.66; 95% CI, 
1.19—2.31) for almost no exposure, 28 people (2.9%; OR, 
1.85; 95% CI, 1.20-2.84) with exposure of 1/4 of working 
hours, 29 people (5.3%; OR 3.36; 95% CI, 2.18-5.18) with 
exposure of half of working hours, 22 people (6.1%; OR 3.92; 
95% CI, 2.41—6.36) with exposure of 3/4 of working hours, 
28 people (7.8%; OR, 5.18; 95% CI, 3.33-8.05) with exposure 
Table 4. Logistic regression analyses of amount of noise exposure 



of almost all of working hours, and 13 people (8.1%; OR, 
5.45; 95% CI, 2.99-9.95) exposed throughout all working 
hours. Also, in the multivariate analyses that controlled sex, 
age, working period, smoking, alcohol drinking, hyperten- 
sion, and obesity, the adjusted ORs were gradually increased 
with the statistical significance in accordance with the amount 
of noise exposure as follows: 2.02 (95% CI, 1.30-3.13), 2.47 
(95% CI, 1.45-4.22), 4.03 (95% CI, 2.38-6.81), 4.49 (95% 
CI, 2.51-8.05), 5.36 (95% CI, 3.18-9.03), and 6.41 (95% 
CI,3.22-12.75)(Table4). 

Univariate logistic regression analysis according to expo- 
sure of hazardous factors (existence of exposure, sole expo- 
sure, or combined exposures) revealed that ORs gradually in- 
creased with statistical significance as the hazardous factors 
increased as follows: 139 people (1.8%) for non-exposure, 12 
people (4.3%; OR, 2.34; 95% CI, 1.27-4.31) for noise-only 
exposure, 14 people (3.7%; OR, 2.02; 95% CI, 1.15-3.56) 
for vibration-only exposure, 21 people (5.0%; OR, 2.84; 95% 
CI, 1.78—4.54) for chemicals-only exposure, 20 people 
(4.5%; OR, 2.52; 95% CI, 1.56-4.07) for noise and vibration 
exposures, 39 people (6.1%; OR 3.52; 95% CI, 2.45-5.07) 
for noise and chemicals exposures, and 20 people (9.1%; OR, 
5.41; 95% CI, 3.32-8.82) for combined exposure of noise, 
vibration and chemicals. In the multivariate analyses that 
controlled sex, age, working period, smoking, alcohol drink- 
ing, hypertension, and obesity, each OR increased with the 
statistical significance as the number of hazardous factors in- 
affecting hearing loss 



Amount of noise exposure 


No. of cases (%) 


Univariate 


Multivariate* 


OR 


95% CI 


OR 


95% CI 


Absolutely no exposure 


86 (1.6) 


Reference 




Reference 




Almost no exposure 


62 (2.7) 


1.66 


1.19-2.31 


2.02 


1.30- 3.13 


Exposure of 1/4 of working hours 


28 (2.9) 


1.85 


1.20-2.84 


2.47 


1.45- 4.22 


Exposure of half of working hours 


29 (5.3) 


3.36 


2.18-5.18 


4.03 


2.38- 6.81 


Exposure of 3/4 of working hours 


22 (6.1) 


3.92 


2.41-6.36 


4.49 


2.51- 8.05 


Exposure of almost all of working hours 


28 (7.8) 


5.18 


3.33-8.05 


5.36 


3.18- 9.03 


Exposure throughout all working hours 


13 (8.1) 


5.45 


2.99-9.95 


6.41 


3.22-12.75 


*aajusted for sex, age, work duration, smoking, alcohol drinking, hypertension, obsity. OR: odds ratio, CI: confidence interval 


Table 5. Logistic regression analyses of hazardous exposure affecting hearing loss 








Exposure factors 


No. of cases (%) 


Univariate 


Multivariate* 


OR 


95% CI 


OR 


95% CI 


Non-exposure 


139 (1.8) 


Reference 




Reference 




Noise-only exposure 


1 2 (4.3) 


2.34 


1.27-4.31 


3.46 


1.76- 6.80 


Vibration-only exposure 


14 (3.7) 


2.02 


1.15-3.56 


2.22 


1.08- 4.56 


Chemicals-only exposure 


21 (5.0) 


2.84 


1.78-4.54 


2.91 


1.66- 5.11 


Noise and vibration exposure 


20 (4.5) 


2.52 


1.56-4.07 


3.10 


1.83- 5.26 


Noise and chemicals exposure 


39 (6.1) 


3.52 


2.45-5.07 


3.25 


2.08- 5.06 


Noise, vibration and chemicals exposure 


20 (9.1) 


5.41 


3.32-8.82 


5.80 


3.36-10.00 



*adjusted for sex, age, work duration, smoking, alcohol drinking, hypertension, obsity. OR: odds ratio, Cl: confidence interval 
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creased as follows: 3.46 (95% CI, 1.76—6.80) for noise-only 
exposure, 2.22 (95% CI, 1.08—4.56) for vibration-only expo- 
sure, 2.91 (95% CI, 1.66—5.11) for chemicals-only exposure, 
3.10 (95% CI, 1.83—5.26) for noise and vibration exposures, 
3.25 (95% CI, 2.08—5.06) for noise and chemicals exposures, 
and 5.80 (95% CI, 3.36-10.00) for combined exposure of 
noise, vibration and chemicals (Table 5). 

Discussion 

This research discovered that there were correlations with 
the occurrence of hearing loss that is generated by sociodemo- 
graphic variables such as sex, age and education level, indi- 
vidual risks such as smoking, and hypertension, and occupa- 
tional risks such as type of industry, occupations, employment 
status, and working period. It further found additional risks of 
hearing loss, such as isolated exposure to noise, vibration, and 
chemicals, and the combined exposures to these hazards after 
the corrections of individual risk factors like sex, age, smok- 
ing/alcohol drinking, hypertension, and obesity. Also, the 
study of hearing loss, using the data from the National Health 
and Nutrition Examination Survey 1999—2004, presented 
that noise exposure, hypertension, diabetes, and smoking (over 
20 pack of cigarette per year) could influence the prevalence 
rate of hearing loss besides sex and age factors. 7 ' 

In this research, the prevalence rate of hearing loss was 
2.7%, which was lower than that of other studies, and even 
lower than when the standards to define a hearing impairment 
was the pure -tone average (PTA) of hearing test. Kim, et al. 8) 
examined 5724 subjects from Seoul, Gyeonggi, and Gang- 
won provinces, and proved the incidence rate of heaing loss 
was 9.4% and 1.4% for 27 dB HL or higher and 41 dB HL or 
higher criterion, respectively. Agrawal, et al. 7 indicated that 
16.1% of US adults (29 million Americans, 7.3% bilateral and 
8.9% unilateral) had speech-frequencies hearing loss (PTA of 
25 dB or higher at 0.5, 1, 2, and 4 kHz), and 30% (55 million 
Americans, 12% unilateral and 19% bilateral) had high-fre- 
quencies hearing loss (pure-tone mean of 25 dB or higher at 
3, 4, and 6 kHz). 

Based on sex, the hearing threshold and the ratio of hearing 
loss for males were generally higher than those of females. 
Although OR for males was 1.74 fold higher in this research, 
Kim, et al. study, in 2000, indicated that the ratio for males 
was three-fold higher than that of females at the ratio of hear- 
ing loss of the 4 1 dB HL PTA criterion. In Agrawal, et al. re- 
search, in 2008, OR was 2.4 (1.7—3.5) and high-frequency 
hearing loss was 5.5 (4.0—7.5), which focused on the stan- 
dards of bilateral hearing loss. In the study on hearing for old- 
er people, the hearing threshold for males was higher than 



that of females at over the 1 kHz frequency, and vise versa be- 
low the 1 kHz frequency. This result could be explained as be- 
ing caused by environmental factors, like noise exposure of 
males, and physiological factors, like high vascular diseases 
of females.'" 

Even though age is not a direct factor that affects hearing 
loss, it can have significant indirect impact on hearing because 
the effects of presbycusis increase as people get older. There 
was a correlation between age and hearing loss, and the prev- 
alence rate of hearing loss significantly increased with age. 71 
With an increase of age, the hearing threshold can be raised 
and the hearing loss at the high frequency is higher than that 
of the low frequency. If any factor among the forms of noise 
exposure and the increase of age acts on people, they are enough 
to cause pathological, physiological, or histopathological dis- 
orders. More specifically, based on animal tests, an increase 
in age and noise exposure has an effect in increasing the sen- 
sitivity of NIHL. 

Although there is controversy on whether the relation be- 
tween age and noise exposures is additive or correlated, the 
major opinion is that it is restrictive and additive. The study 
in 1999 by Lee, et al. represented that the increase in age and 
level of noise exposure, that affects changes in hearing, had an 
impact on the hearing threshold independently and there were 
additive effects. As a result of the analysis of age, noise expo- 
sure, blood pressure and serum cholesterol in the 2001 study 
of Toppila, et al., 11 the elderly subjects were more susceptible 
to NIHL than younger subjects. Also, factors independently but 
causally related to age were important in the development of 
NIHL among workers exposed to noise levels below 98 dB(A). 

Advanced permanent threshold shift apart from noise expo- 
sure in population surveys has been explained to arise from 
biological and environmental factors. Nevertheless, the data 
on NIHL in carefully controlled studies show considerable 
case-to-case variation, indicating that individual susceptibility 
also plays a significant role. Factors such as elevated blood 
pressure, altered lipid metabolism, smoking, and genetic fac- 
tors are believed to aggregate in NIHL. More specifically, the 
effects of noise were partially concealed and the significance 
of noise exposure may have been rejected by the confounding 
factors in the occurrence of hearing loss. However, a review 
of controlled research shows that the influence of these intrin- 
sic variables is relatively small and cannot explain the wide 
range of hearing loss observed in demographic studies. 1 " 1 

In regards to the effects of smoking on the auditory system, 
it can be possible to depict the direct ototoxic effects on the 
outer hair cells of the inner ear. Smoking increases the carboxy- 
hemoglobin in the blood resulting in a decrease in the amount 
oxygen that can be used by cells. Nicotine also contributes to 
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hearing impairment Its action is relate to blood vessel arthero- 
sclerosis. The cochlear artery especially its end artery in the in- 
ner part of higher frequency cochlear will be affected by this 
artherosclerotic change. Smoking, in relation to age, has mul- 
tiplicative adverse effect on hearing impairment. The preva- 
lence rate of hearing impairment increased with the increas- 
ing number of pack-years. A marked increase in hearing 
impairment prevalence occurred for the subjects who smoked 
more than 20 pack-years. The increase of hearing threshold 
by frequency was greater at the higher frequency. As risk fac- 
tors for the disability of hearing loss, age and the amount of 
smoking was indicated to independently affect hearing im- 
pairment. Smoking affects hearing more harshly when com- 
bined with noise. Anti-smoking education is necessary, since 
smoking can accelerate hearing loss, with this influence in- 
creasing through the interactions with noise. 13 ' 

The effect of alcohol drinking on the hearing is not very 
clear. An association with chronic alcohol abuse has been ob- 
served, but with moderate alcohol intake, the results are less 
clear. In a study of Upile, et al., 14) the hearing thresholds of 
women were more affected than men. Slim and healthy peo- 
ple were least affected, whilst older subjects or those with a 
previous history of heavy drinking were most affected. There 
was a positive association between increasing breath alcohol 
concentration and the magnitude of the increase in hearing 
threshold for most hearing frequencies. The effect of alcohol 
on hearing was also found to be reversible in the short term 
but long-term permanent threshold changes cannot be exclud- 
ed. In contrast, current smokers showed a significantly increased 
risk of hearing loss compared with non-smokers, while heavy 
drinkers did not show an increased risk compared to non-drink- 
ers. In addition, there was a decrease of the risk of hearing loss 
in case of light drinking, which caused a U-shaped response 
of hearing loss among the amount of drinking. 15 ' A European 
population-based multicenter study also depicted that moder- 
ate alcohol consumption was inversely correlated with hear- 
ing loss. 16 ' 

It has been argued that smoking or overweight might con- 
tribute to hearing disorder by atherogenic narrowing of the nu- 
trient arteries to the cochlea. Carotid intima-media thickness 
(CIMT) is a surrogate marker for generalized atherosclerosis. 
In a study that examined the relationship between CIMT and 
hearing disorder, CIMT remained a predictor of hearing dis- 
order (OR 1.8, 95% CI 1.0-3.2) after adjustment for cigarettes 
per day, waist circumference, diabetes, exposure to noise, age 
and sex. Cigarettes per day and waist circumference were re- 
lated to CIMT but not to hearing disorder. 1 71 Although the effect 
of the body mass index (BMI) decreased when cardiovascu- 
lar diseases and smoking were controlled as confounding fac- 



tors, it was shown that high BMI was related with high hear- 
ing threshold."'' 

Hearing loss by industrial chemical exposures in the work- 
place, was various, complicated, and controversial. Recent 
research is uncovering the audiologic effects on humans ex- 
posed to chemicals, accompanied through experiments on an- 
imals. Industrial ototoxic materials that cause hearing loss 
were as follows: heavy metals such as arsenic, cobalt, lead, 
lithium, cadmium and manganese, and chemicals such as car- 
bon monoxide, carbon disulfide, trichloroethylene, xylene, 
toluene, styrene, n-hexane, dimethylsulfoxide and carbon tet- 
rachloride. 18 ' Ototoxic chemicals can have reversible or irre- 
versible effects that impair the sense of hearing and balance. 
They can affect the structure and/or the function of the inner 
ear (auditory and vestibular apparatus) and the neural path- 
ways from the inner ear to the auditory cortex in the brain. 19 ' If 
certain predisposing conditions are present, the risk of ototox- 
icity is increased. These conditions include impaired renal func- 
tioning, pregnancy, inherited susceptibility to ototoxicity, and 
the effects of noise. 20 ' 

In a 201 1 research by Sliwinska-Kowalska, et al. a 2—4 
kHz threshold of organic solvent+noise combined exposure 
group was significantly higher than that of the solvent-only 
exposure group, and a 1 —8 kHz hearing threshold of the organ- 
ic solvent exposure group was significantly and highly indicat- 
ed, compared to the control group. The relative risk (RR) of 
hearing loss in the solvent-only exposure group was signifi- 
cantly increased [RR 4.4 and 2.8 for noise exposure of <80 
dB(A) and <85 dB(A), respectively] in a wide range of fre- 
quencies (2—8 kHz). In their other study in 2005, OR of hear- 
ing loss related with the particular exposure to chemicals was 
2.4 (95% CI 1.59-3.74) in case of solvent mixture, 3.9 (95% 
CI 2.4-6.2) in case of styrene and 5.3 (95% CI 2.6-10.9) in 
case of n-hexane and toluene exposure. The odds of develop- 
ing hearing loss substantially increased in the case of com- 
bined exposure to organic solvents and noise as compared to 
isolated exposure to each of these hazards. The highest OR 
(over 20-fold) was demonstrated in subgroups of subjects ex- 
posed simultaneously to noise and two ototoxic solvents. 22 ' In 
general, the simultaneous exposure to organic solvents and 
noise seems to enhance the hearing deficit if compared with 
isolated exposures. 

Thus, the combined effect of organic solvents and noise 
should be carefully reviewed even for the noise level below 
exposure limit, which suggests that preventive program for 
hearing loss is facing transition point. Also, workers who are 
exposed to major ototoxic chemicals need to undergo hearing 
screenings. The American Conference of Governmental Indus- 
trial Hygienists (ACGIH) is considering whether current ex- 
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posure limits are adequate to minimize the possibility of poten- 
tiating NIHL via combined exposures. ACGIH recommends 
audiometric monitoring for exposures to noise in combination 
with toluene, lead, manganese, and lists other substances under 
current investigation for ototoxicity. 

Commonly, it is known that the vibration hand tools gen- 
erate cause vibration-induced disease. However, in many epi- 
demiological studies, the vibrations derived by hand tools 
causes NIHL and vibration-induced disease, and can show 
significantly higher NIHL for worker groups experiencing vi- 
bration-induced disease. Thus, long-term vibration exposure 
contributes to the generation of NIHL, or can cause a synergis- 
tic effect. Although it is not clear what impact vibration has 
on hearing, the effect on peripheral blood vessels can be as- 
sumed to influence the deterioration of NIHL. Concurrent ex- 
posure to noise and vibration can cause vasoconstriction in the 
cochlea by affecting the sympathetic nervous system, which 
can contribute to temporary hearing loss by the decreased blood 
flow. 

According to Kaimio, et al., 23) whole-body vibration and 
noise increased average hearing threshold as much as 5 dB. 
In the Chinchilla research, while there were no effects on the 
temporary hearing loss through vibration, the combined ex- 
posure of noise and vibration could generate a 10 dB tempo- 
rary hearing loss. 241 In the conducted experiment with workers 
exposed to noise [90 dB(A)] and vibration (30 m/s , 60 Hz), 
exposure to vibration alone caused almost no hearing thresh- 
old changes at every frequency tested. But exposure to noise 
or a combination of vibration and noise caused a significant in- 
crease in temporary threshold shifts (TTSs) at 4 and 6 kHz. 
Moreover, exposure to a combination of vibration and noise 
caused significantly higher TTSs than exposure to noise at 4 
and 6 kHz. 251 Pinter 261 indicated that the prevalence rate of 
sensorineural hearing loss, due to the noise exposure was un- 
expectedly higher among the tractor drivers, which was as- 
sumed to be caused by the whole -body vibration from the 
tractor. In the noise susceptibility research on hearing for 
male workers in forestry, the hearing loss of subjects having 
vibration-induced white fingers (VWF) was faster than that 
of the subjects without VWF. In this respect, the hearing of 
subjects were vulnerable to noise, and it is possible that addi- 
tional vulnerabilities related to noise exposure can be caused 
since an increase in the activity of the sympathetic nervous 
system generates changes such as vasoconstriction. 27 

In this research, it was able to identify the prevalence rate 
of hearing loss, including workers in self-employed, unpaid 
family workers, and employees industries like agriculture, for- 
estry, fishing, wholesale, and retail businesses, from the sec- 
ond KWCS. Also, the effects of all occupational/non-occupa- 



tional risk factors of hearing loss could be examined. In 
particular, in the case of occupational factors, it was able to 
investigate the effects by the sole exposure of vibration and 
chemicals other than noise, and the additional risks of hearing 
loss by combined exposures. Furthermore, it was discovered 
that these occupational factors could be affected by industry 
type, occupations, and employment status besides physical/ 
chemical hazards. Therefore, it should be considered as an in- 
stitutional policy of hearing management for works, aside 
from the management of NIHL by noise exposure. 

However, there were limitations in examining the effects of 
the occupational factors in regards to hearing loss precisely. 
The first limitation was that this research was defined, not as 
a hearing threshold, but as a hearing problem in the survey. 
Secondly, hearing loss was just examined according to the 
exposure time, and did not perforin exact exposure evalua- 
tions in regards to major hazardous factors that cause hearing 
loss, such as noise, vibration, and chemicals. The factors that 
influence hearing loss occurrence were not excluded after 
identifying these factors, such as otologic disease, chronic 
disease, and especially, conductive hearing loss. Also, since 
this data was obtained through a self-report survey it was not 
an exact diagnosis of the occupational disease, and the occur- 
rences of hearing loss and the prevalence for the past 12 months 
were unclear. As a result, there was a possibility of under- or 
over-estimation compared with the evaluation of hearing loss 
by the hearing threshold according to acute/chronic occur- 
rences or progress of the hearing defect. Therefore, further 
quantitative studies are needed for a more exact assumption 
of the incidence rates of hearing loss and risk evaluations in 
regards to hearing and exposure risks. 

Conclusion 

The overall occupational and non-occupational risk factors 
related to employees' hearing loss were reviewed. In addition 
to the exposure to noise, occupational risks of hearing loss, 
such as isolated exposure to vibration and chemicals, and com- 
bined exposure to noise and these hazards, were identified. 
Multiple exposure to hazards, along with prolonged noise ex- 
posure increased the risk of hearing loss. In order to achieve 
accurate estimation of the incidence rate of hearing loss and its 
risk assessment, quantitative research on hearing and the risks 
of exposure is necessary. 
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